Background. Balneotherapy is one of the basic methods of treatment widely used in natural medicine. Objectives. to investigate the effect of geothermal water on body mass index, body skinfolds and circumferences and serum cholesterol. Material and methods. a randomised, controlled, single-blinded follow-up interventional study was performed on 204 workers divided into 5 groups: balneotherapy with 20, 40 and 60 g/l total mineralisation, tap water and a control group. a 20-minute bath treatment was carried out on an everyday basis for 5 days a week over a 2-week period. body circumferences and skinfolds, body mass index and cholesterol were measured before and after the treatment. Results. the best effect reducing body volume after 2 weeks was obtained in the 20 g/l group (7.5 cm), but the biggest and longest effect was achieved in the 60 g/l group (8.4 cm from baseline). the greatest and longest-lasting decrease in skinfold was after 60 g/l procedures (22.4 mm from baseline). Significant positive changes for total cholesterol were seen after 20 (md 0.2) and 40 g/l (md 0.3) baths, for low-density lipoprotein after 40 g/l (md 0.1) baths, and for triglyceride levels after 20 g/l baths. there were no significant changes in all groups regarding body mass index. Conclusions. 20-minute baths of geothermal water are more effective than tap water for lowering of hypodermic fat content in the body and cholesterol level in serum. 60 g/l baths have a long-lasting effect on body fat volumes, and 20-40 g/l geothermal water is appropriate for an antilipidemic effect.
Background
Balneotherapy is the therapeutic use of bathing agents such as mineral and thermal waters and is one of the basic methods of treatment widely used in natural medicine [1] . it involves treating different health problems by bathing, usually in hot springs and other mineral-rich waters. the core effects of balneotherapy are changes caused by the influence of mechanical, thermal and chemical factors through the skin and mucous membranes as a result of the neuroreflexive, humoral mechanisms involved, caused by biochemically active substances [2, 3] . thus, balneotherapy includes three key elements: (1) the temperature of water for balneotherapy must be at least 20 degrees Celsius (68 degrees Fahrenheit), although it is often much warmer, at 34 degrees Celsius (93 degrees Fahrenheit); (2) mineral content: balneotherapy requires water containing dissolved materials at a concentration of at least 1 gram per litre. the dissolved substances most often include salts, sulphur compounds or gases; (3) natural occurrence, i.e. natural springs. a spring forms when an aquifer fills to the point that the water overflows onto the surface of the land. they range in size from small seeps to huge pools, and they vary greatly in their mineral content [4] . balneotherapy is a frequent kind of treatment at spas and health resorts. Scientific literature has shown that health resort treatment is associated with clinical improvement in diseases of the skin, respiratory, circulatory, gastrointestinal and nervous systems, cancer, nutritional and metabolic disorders, mental disorders, diseases of the ear, endocrine diseases, female genital diseases and nutritional deficiencies [5] [6] [7] . Balneotherapy is a safe and time-tested treatment, and scientists believe that mineral water treatment methods compared to similar non-mineral treatments have better and longer-lasting improvements concerning pain, function, quality of life, clinical parameters and others [3] .
39% of adults aged 18 years and over were overweight in 2016, and 13% were obese. Thus, worldwide obesity has nearly tripled since 1975. Statistics reveal that 41 million children under the age of 5 were overweight or obese in 2016, and over 340 million children and adolescents aged 5-19 were overweight or obese in 2016. overweight and obesity are the main risk factors in coronary heart disease, strokes, type ii diabetes, osteoarthritis, certain types of cancer (uterus, breast, intestine) and sleep quality, and they thereby worsen the quality of life, increase mortality and add to health-related costs [8, 9] . Serum cholesterol fractions most frequently correlate with overweight and are a prognostic factor for cardiovascular diseases. Scientists found that balneotherapy induces cardiac activity, blood flow, temperature changes in the body, increase interstitial fluid transfer into the vascular space, accelerates the removal of metabolites and waste products and enhances delivery of oxygen [10] , which has an impact on the plasma level of the adipocytokines leptin and adiponectin [11] . Some scientific studies on humans showed a reduction in excessive body mass and correction of blood lipid spectrum [12] , but there is still a lack of controlled studies for body volume.
Objectives
The research showed that obesity is preventable. Thus, the aim of our study was to investigate the effect of geothermal water on body mass index (bmi), body skinfolds and circumferences.
Material and methods
Trial design a randomised, controlled, single-blinded interventional study was performed.
Participants
data was collected from 250 participants during the period of may-September 2018 in klaipeda, Lithuania. Hydrotherapy procedures were carried out at the Rehabilitation department of klaipėda Seamen's Health Care Centre. the evaluation of participants' clinical statement at baseline and after 2 weeks of treatment was made at the Klaipeda Science and Technology park facility -business incubator. an interventional study was implemented in observance of the rules of good clinical practice. inclusion criteria: current workers aged 18-65 years with no current disease and no rehabilitation procedures during the past 3 months, at least 2 symptoms of distress or a symptom intensity of more than 2 according to the general symptom distress scale (GSdS, t.a. badger). exclusion criteria were as follows: acute neurological deficit, epilepsy, inflammatory condition, cutaneous lesion, failure of respiratory/cardiovascular systems, kidney failure, unstable metabolic disorders, severe arrhythmia, febrile infections, bleeding, pregnancy.
participants were randomly divided into 5 groups of 50 individuals per group: 3 groups of baths of water of different salinity (20, 40, 60 g/l total salinity water), 1 group of pure water baths, 1 control group (without treatment). all subjects were informed about the purpose, conditions and course of the study prior to inclusion and signed a participant's agreement. the participants of the control group were not given any therapy.
Intervention bath treatment (geothermal or tap water) was carried out on an outpatient on an everyday basis, for 5 days a week over a 2-week period (10 procedures). the geothermal water used was highly mineralised (108 g/l) na-Cl-Ca-mg-So 4 , pH 6.07) from the Geoterma 2p (id 25871) borehole (1,135 m depth). Individual hydrotherapy procedures were as follows: in accordance with calculations of dilution baths (400 l) were prepared as follows: 20 g/l (2%) bath was filled with 73 l of geothermal water and 327 l of pure tap water; 40 g/l (4%) -145 l geothermal and 254 l of pure tap water; 60 g/l (6%) -218 l geothermal and 181 l pure tap water (additionally warmed in special heaters). the temperature of the baths was 36°C. the participants had baths (immersion up to the armpits) monitored by trained personnel. each participant was told to move slightly in the bathtub [13] . the geothermal water chemical composition in the balneotherapy group is shown in table 1. 
Study outcome
body fat parameters changed after balneotherapy with geothermal water of different salinity in comparison with tap water and no treatment. BMI, serum cholesterol levels and body circumferences, and skinfolds were measured before the treatment, after 2-week treatment and 3 month after the treatment. the body circumferences of the upper arm (tense, relaxed), waist, hip, thigh and calf were measured using measuring tape (cm); the skinfolds (biceps, abdomin, triceps, subscapular suprailiac, quadriceps, calf) were measured using calliper testing. two measurements were taken at each site following standard procedures [14, 15] .
Statistical procedures
data was reported as the mean ±Sd for continuous variables, or as frequencies in the case of categorical variables. descriptive statistics and univariate analyses were carried out using SpSS v23.0 (SpSS inc., Chicago, illinois, uSa). pearson χ 2 tests and independent-sample t-tests were used to compare the independent variables versus dependent variables. The hypothesis about the equality of probability distribution was checked against the mann-Whitney-Wilcoxon u non-parametric criterion, and the corresponding 95% Cis were calculated. the Wilcoxon Sign and Kruscal-Wallis non-parametric tests were also used, and a p-value < 0.05 was considered to be significant for all tests.
Ethical consideration
the study was carried out with the authorisation of the kaunas Regional biomedical Research ethics Committee (permission no. be-2-1).
Results

Participant flow
the flow diagram of the study process is shown in Figure 1 .
Recruitment
The data was collected during the period of May-September 2018 in klaipeda, Lithuania (primary measurement and 3-month follow-up period).
Baseline data and numbers analysed
the main characteristics of the survey participants are in table 2. the study groups did not differ in gender, marital status and physical activity. participants of the 60 g/l geothermal and control groups were older than in other groups; participants in the control group had the biggest BMI.
Outcomes and estimation
bmi changes in the groups are showed in table 3. despite positive bmi changes in the 20 and 60 g/l groups, there were no significant changes in all groups.
the best effect reducing body volume after 2 weeks was obtained in the 20 g/l group (Figure 2 ). positive significant changes were seen in all measuring points, with the biggest difference in the thigh and hip. 40 g/l procedures were effective for 25%, 60 g/l -for 88% of body circumferences. tap water and no treatment in 75% and 100% of cases produced a negative effect. the largest volume lost was achieved after 20 g/l procedures (7.5 cm), less -after 60 g/l procedures (5.2 cm). an overall increase in volumes of 3.8 cm was seen in the tap water group, with 4.4 cm in the control group. after 3 months, significant positive changes remained in 25% of the measurements in the 20 (2.9 cm) and 40 g/l (1.9 cm) groups, while in the 60 g/l group -63% (8.4 cm from baseline) (table 4) . the tap water and control groups saw a negative change (1.4 and 2.6 cm, respectively).
the study results showed that all skinfolds significantly decreased in the 20 and 60 g/l groups, as well as in 86% of the cases in the 40 g/l group. the biggest effect was seen in the 60 g/l group (19 mm) , and less in the 40 g/l group (14 mm) . the skinfolds increased in the tap water (10.7 mm) and control (6.9 mm) groups (Figure 3) . after 3 month, 86% of skinfolds remained significantly smaller in the 20, 40 and 60 g/l geothermal groups from baseline 18,7, 16 and 22,8 mm, respectively. 71% of skinfolds in the tap water and control groups significantly decreased after 3 months (table 5) . ume (average 0.8 cm, p < 0.05) and skin ridge thickness (average 2.2 mm, p < 0,001) after a 15-minute balneotherapy treatment earlier in the study [17] . 1 month after the treatment, the reduction in skin ridge (p < 0.05) and limb volume (p < 0.05) remained. after 4 months, a positive impact on the volume of the limbs was observed (p < 0.05), and the skin ridge was significantly lower than before the treatment (p < 0.01). it was found that a course of 20 min 27 g/l geothermal water baths has the significant effect on bmi (average reduction of 0.5) and body fat percentage (2), with a positive effect until 4 month after treatment [17] . a study by Han et al. also found a significant reduction in bmi of 1.91 kg/m 2 after 3-week balneotherapy therapy compared at motivational dietary interview, which was only 0.20 kg/ /m 2 after 1 year. this corresponds to a significant balneotherapy benefit of 1.71 kg/m 2 [18] . our study did not show any positive changes, possibly because we used only a cooler mineral bath (36°C vs 37°C) without other spa procedures or drinking mineral water, with no dietary recommendations, and the bmi of our participants was lower in the beginning (25-29 vs 31). a study by kang ki Yeon et al. on obese children shows that a hot spring bath could be an effective way of managing and treating obesity (bmi after 4 procedures lowered by 0.93, as well as body fat mass by 2.28 and percentage of body fat by 4.04 [19] . the Cl-Na-SO 4 -Ca water we analysed produces effects that are specific to the main minerals. of course, the chloride in the water improves cellular metabolism, tissue regeneration and blood and lymph circulation, as well as stimulates the organic and metabolic functions. in 34-36°C water, muscle tone decreases, peripheral arterial blood flow is stimulated, tissue trophic improves and swelling and pain lessen [13] . data from researchers shows that spa therapy can modify plasma levels of the adipocytokines leptin and adiponectin [11] , which is important for fat volumes in the body. There is a need for further research for balneotherapy usage for integrated adiposity treatment and beauty therapy. A comparison of geothermal vs tap water treatment to clarify complex balneotherapy mechanisms for body composition changing with a standardised methodology, more respondents and a follow-up period are needed.
Conclusions
1. 20-minute baths of geothermal water are more effective than tap water for lowering of hypodermic fat content in the body and cholesterol level in serum. 2. 60 g/l baths have a long-lasting effect on body fat volumes. 3. 20-40 g/l geothermal water is appropriate for an antilipidemic effect.
Ancillary analyses
Significant after-treatment changes regarding cholesterol levels occurred in the geothermal and control groups. positive changes in total cholesterol were seen after 20 (md 0.2) and 40 g/l (md 0.3) baths; in Low density Lipoprotein levels -after 40 g/l baths (md 0.1); in triglyceride Levels -after 20 g/l baths. there were significant negative changes in High density Lipoprotein levels in the 40 g/l and control groups, in triglyceride Levels -in the 60 g/l group (table 6) .
Discussion
Limitations of the study
The follow-up measurements were performed in the summer, when people are more physically active compared to other seasons. thus, a longer follow-up period would be beneficial.
Generalisability
the results of the study demonstrated that 2 weeks of balneotherapy have a significant positive effect on body circumferences and skinfolds. the best short-term effect for reducing body 20 g/l mineral water provides the best short-term effect for reducing body volume (7.5 cm), but the longest effect could be achieved using 60 g/l geothermal water (8.4 cm decrease from baseline). the greatest and longest-lasting decrease in skinfold was achieved after 60 g/l procedures (22.4 mm from baseline). no significant changes in bmi were found in the study groups. Concerning cholesterol, the most favourable were 20 (for total cholesterol and triglyceride Levels) and 40 g/l (for total cholesterol and Low density Lipoprotein) mineral water baths.
Interpretation
However, the results of Suceveanu et al. demonstrated significant differences for LdL-cholesterol and HdL-cholesterol changes for patients with main cardiovascular risk factors who attended a rehabilitation programme with hydrotherapy included [16] . mooventhan and nivethitha suggest that hydrotherapy is widely used to improve immunity and for the management of hypercholesterolemia and add that there is a lack of evidences on the impact of water of different salinity and temperature [6] . the results of our study supplement the existing knowledge on the effect of the different mineralisation of water on cholesterol levels.
There are not many studies concerning balneotherapy on body volume or composition. there were reductions in limb vol-
